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ABSTRACT 
Three topics on modern shock capturing methods for  the time-dependent Euler 
equations of Gas Dynamics a re  addressed. First we present the Weighted Average 
Flux Method (or WAF), one of several Riemann-problem based shock capturing 
methods. Then we deal with the Riemann problem. We present an efficient exact 
Riemann solver, a robust non-iterative Riemann solver based on the behaviour 
of the exact solver, and an improved version of the Harten-Lax-van Leer 
Riemann solver . Also, a very simple linearised Riemann solver is presented 
together with a Riemann solver adaptation procedure. We also present a 
Riemann-solver adaptation procedure that  has proved successful. Applications 
of the WAF method with the various Riemann solvers a re  presented. 
1. INTRODUCTION. 
A significant contribution t o  the current state of modern Computational 
Fluid Dynamics (CFD) has come via Riemann-problem based, or Godunov-type, 
numerical methods. These a re  extensions of the first-order accurate method of 
Godunov (1959). Riemann-problem based methods (or RP methods fo r  short) are 
directly applicable t o  time-dependent one-dimensional systems of hyperbolic 
conservation laws or t o  two-dimensional systems that  are hyperbolic in a 
time-like variable (e.g. the two-dimensional steady supersonic Euler 
equations). Extensions of these methods t o  multidimensional problems is 
carried out via the finite volume method coupled with one-dimensional physics 
in the direction normal to  the control volume interface. 
Many workers have contributed t o  the development of RP methods; 
outstanding examples are Godunov (19591, van Leer (19791, Roe (19811, Harten 
(19831, Osher (1984). 
Rp methods use the solution of the Riemann problem with data in volumes 
2 
(i,i+l) t o  define an intercell numerical flux F t o  be used in the 
conservative, explicit formula 
i+1/2 
The various Rp methods differ in the definition for  the intercell flux 
in the way the local Riemann problem solution is used and in the way F 
higher accuracy without the spurious oscillations of traditional methods is 
achieved. 
i + l / Z  ' 
The weigthed average flux (WAF) approach for  systems of hyperbolic 
conservation laws was presented by Toro (1989a). This method achieves 
second-order accuracy using the conventional piece-wise constant data Riemann 
problem. Also, i t  is sufficiently flexible to  accept virtually any 
approximation t o  the solution of the local Riemann problem as well as the 
exact solution . This second feature can be be taken advantage of by, fo r  
example, constructing a hierarchy of Riemann solvers t o  be used in an adaptive 
Riemann solver fashion. 
The WAF method has been applied to  a variety of realistic flow situations 
(Toro,1989b, 1991). The experience gained in the exercise has resulted in 
fur ther  developments and useful simplifications to  the technique. In this 
paper we present the method as applied specifically to  the Euler equations in 
one and two space dimensions. An efficient exact Riemann solver as well as a 
variety of approximate Riemann solvers that  can be used with WAF are 
presented. 
The paper is organized as follows: In section 2 the WAF method is 
presented; section 3 deals with Riemann solvers; in section 4 we present 
numerical results and conclusions a re  drawn in section 5. 
2. THE WEIGHTED AVERAGE FLUX METHOD (WAF) 
For the purpose of this section we shall restrict ourselves to  the 
time-dependent one-dimensional Euler equations written in conservation form, 
namely 
Ut + [F(U)l = 0 (1) 
X 
Here U is the vector of conserved variables and F(U1 is the vector of the 
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